The structure of high purity (99.99%) aluminium processed by equal channel angular pressing in the as pressed state after different number of passes was examined using various stereological methods. An extreme inhomogeneity and complicated anisotropy was observed along the body of rod-like specimens.
INTRODUCTION
The interest in technological procedures severely refining the grain size of polycrystals arose due to the belief that they produce a considerable improvement of the mechanical properties of technical materials (Zhu et al., 2004) . Equal channel angular pressing (ECAP) introducing large plastic strains into a coarse-grained material, typically pure metal or an alloy, belongs to the most promising ones. The material is subjected to a repeated severe plastic strain without any concomitant change in the cross-sectional dimensions of the work piece and this way a very significant refinement of polycrystalline grain size is attained.
In the preceding studies Ilucová et al. (2004) and Sklenička et al. (2006) was examined the structure of pure aluminium (99.99%) after a particular pressing process (consisting in eight passes of a rod-shape billet through the channel bent at a right angle and then, before the next pass, rotated by 90° in the same direction − so-called route B C ) and then also after the subsequent creep deformation (performed at 473K after an annealing for 4 hrs under no external load before creep testing) (Sklenička et al., 2005; 2006; Saxl et al., 2007) .
The present study is devoted to a better understanding of the effect of different number N of repeated passes on the grain structure in the as pressed state (the same route B C was chosen). A considerable attention was also devoted to the examination of the subgrain and grain anisotropy and three mutually perpendicular plane sections were examined. However, it was already shown in Beneš and Saxl (2005) that three such planes are not sufficient for the description of spatial (3D) anisotropy. That is why only the profile (2D) anisotropy was determined by means of the intercept count along several directions in every section plane. The orientation of the profile boundaries was then described by the rose of directions and, equivalently, by the corresponding Steiner compact (Beneš and Saxl, 2005; Rataj and Saxl, 1989) .
EXPERIMENTAL RESULTS

SPECIMEN PREPARATION, ORIENTATION AND EXAMINATION OF PLANAR SECTIONS
The repeated pressing of high purity (99.99%) aluminium was conducted at room temperature and the metallographic examination was carried out by means of scanning (Philips SEM 505) electron microscope. Two samples were selected in each specimen and they are denoted by BN_i, N = 2, 4, 8, 12 and i = 1, 2. The Cartesian coordinate axes have been chosen with respect to the pressing procedure, namely X along the last pressing direction and Z perpendicular to the bottom of the channel. Then three planar sections, namely XY, XZ (the longitudinal planes) and YZ (the transversal plane), selected at two different places were observed by means of the electron backscatter diffraction microscopy (EBSD or also OIM -orientation imaging microscopy) - Humphreys (2001 Fig. 1 . The values of chord intensities N L (•) in the section planes (the mean number of chords per unit length of the test line) were determined as the arithmetic means of intercept counts in systematically selected six directions α k = kπ/6, k = 0, 1,..., 5, including the principal directions at k = 0, 3 in each section plane. As the samples BN_1, BN_2 correspond to two different places of the same specimen selected at a distance of few millimetres only, their differences reflect the "large" scale inhomogeneity of specimens after N passes. The total numbers of measured profiles in all sections were about 9000, 17000, 25000 and 14600 at ∆ ≥ 2° and 600, 3500, 12000 and 6900 at ∆ ≥ 15° in specimens B2, B4, B8 and B12, respectively.
The estimate of the grain intensity N V (the mean number of grains per unit volume) was obtained following the recommendation of the ASTM Standard (ASTM 1982 (ASTM , 1988 (Stoyan et al., 1995) , the relation [L V ] = 4EN A follows from the fact that the mean number of profile vertices in a random 2D tessellation is 6, hence 2EN A estimates the mean number P A of triple points per unit section area and the estimate [L V ] = 2P A is again the standard stereological relation). Finally, the coefficients of variation of profile areas a were estimated separately in the three section planes (CV a(•)) as well as in the sample formed by all examined profile areas (CV a). 
STEREOLOGICAL ESTIMATES OF 3D CHARACTERISTICS AND COEFFICIENTS OF VARIATION CV A
The main obtained results are summarized in the Table 1 ; they include the estimates of 3D intensities and the profile area dispersions after different number of ECAP passes.
In general, the repeated pressing between N = 2 and N = 12 produces a considerable grain refinement of the order of 10 2 (in the value of N V ). The total grain boundary area and the length of triple grain junctions increase accordingly. The local homogeneity as characterized by the values of CV a(•) and CV a generally improves with the number of passes, but not systematically as clearly show the specimens B8_1 (the highest value of CV a) and B8_2 (the lowest value of CV a, perhaps an exceptionally homogeneous case − see Fig. 2 ).
The ratios of the mean grain volumes Ev(15°)/ Ev(2°) are about 70 and 12 in B2, B4 specimens, resp., and between 4 and 3 in the specimens after eight and twelve passes. Hence the mean number of subgrains included in a grain considerably decreases with the number of passes, which is also clearly visible by the visual inspection of section planes shown in Fig.  1 . This reduction is caused mainly by the decreasing mean grain volume (roughly 100 times) and partly also by the increasing subgrain volume (roughly thrice) -see below Table 3 .
Finally, the ratios of the mean CV a estimated in two closely spaced places of the same specimen vary between 1 (B12) and 7 (B8). Consequently, a considerable homogenisation is achieved (perhaps?) only after 12 passes. Table 1 for grains (∆ ≥ 15°). Finally, it must be stressed that the samples BN_i, i = 1, 2 at fixed N = 2, 4, 8 are very different even when they are selected at closely spaced places of the same specimens. Thus the ratios of the N V estimates are roughly about 1:3 at a given N = 2, 4, 8 and 1:1.3 at N = 12. Similarly the ratios of S V lie between 1:1.4 and 1:1.1 whereas the ratios of L V vary between 1:2.5 and 1:1.3; the lower bounds correspond to the B12 specimen.
In Table 2 10° and 15°, respectively) . Consequently, the mean number of subgrains filling a grain is between 50 and 80 at ∆ ≥ 2° and 8 ÷ 14, 3 ÷ 4 and 3 at ∆ ≥ 5°, 10° and 15°, respectively.
ANISOTROPIC CHARACTERISTICS OF THE ECAP SPECIMENS
The estimates of intensities N L (α) obtained in six directions in each section plane can be considered as the support functions u(α+π/2) (i.e., in the directions perpendicular to the test lines) of certain centrally symmetric convex polygon called the Steiner compact: the lengths of its edges are proportional to the relative weights of the directional measures of the examined fibre process. Hence the shape of the Steiner compact is in a certain way a mean shape of the profiles. When the estimate of the Steiner compact is made, the length of the edges are measured and used to construct the rose of direction of the profile boundaries. Roses of directions and Steiner compacts of profile boundaries observed in the chosen specimens BN_i, N = 2, 4, 8, 12 and i = 1, 2, at different lower bounds of disclination ∆ are shown in Fig. 3 . The profiles boundaries approximately follow the chosen coordinate axes in the XY and YZ planes and the profile elongation along the transverse axis Y is preponderant, which is somewhat surprising in the XY plane as X is the pressing direction. On the other hand, profiles inclined with respect to the coordinate axes and elongated along the X direction prevail in the XZ plane. The subgrains as well as grains are approximately plate-like, usually inclined with respect to the Z-axis.
This graphical anisotropy characterization can also be supplemented by the eccentricities of the corresponding Steiner compacts that are defined as the ratio ε = (max w/min w) − 1, where w is the width of the Steiner compact (i.e., the distance of its support lines). The maximum (with respect to the both examined places) values in B2, B4 and B12 specimens and the values for B8_1 specimen of eccentricities ε(•) are presented in Table 2 . Also the orientation of the Steiner compact with respect to the coordinate axes is important. The directions of the both widths max w and min w approximately coincide with the coordinate axes; otherwise the value of the eccentricity in Table  4 is printed in bold letters. The greatest eccentricities and the more pronounced inclinations are observed in the XZ plane, the most isotropic are profile boundaries in the YZ transverse planes. The anisotropy of subgrains as characterized by the profile eccentricity increases with the growing disclination in the XY and XZ planes and is nearly constant in the YZ planes. The highest eccentricities are observed after two and four passes and the isotropy improves with the increasing number of passes.
CONCLUSIONS
The consequence of the increasing number of passes between N = 2 and N = 12 is the substantial grain refinement of pure ECAP aluminium products. It is simultaneously accompanied by an increasing fraction of the high angle grain boundaries. The local as well as overall homogeneity of ECAP products also improve considerably with the number of passes but even after 8 passes is not achieved. The difference between specimens after 8 and 12 passes consists mainly in a more pronounced homogeneity of the latter case.
The anisotropy of grain and subgrain boundaries is rather mild and also improves with the number of passes. The grain boundaries are slightly more anisotropic than their subgrains, plate-like grain shapes elongated in X and Y directions usually prevail but the plate normals are frequently inclined with respect to the coordinate axes.
